The green economy emerges differently depending on each region particular features, as well as local economic strengths and weaknesses; solar energy however, represents the way regional and local natural potentials are valorized. The current paper brings to our attention aspects related to the economic and legislative factors influencing the use and territorial distribution of solar energy, as a component of the Romanian renewable energy industry at all territorial levels: the national characteristics of the use of renewable energy resources are highlighted through the analysis of dynamics of official statistical variables (National Institute of Statistics); at regional and county levels, the analysis highlights the territorial differences in the use of solar energy; analysis at local level reveals the environmental and socio-economic effects of the of solar energy use (i.e. photovoltaic parks), as indicated by the information provided by a questionnaire survey carry out in Giurgiu County (case study).
INTRODUCTION -THE PLACE OF SOLAR ENERGY INDUSTRY IN GREEN ECONOMY
The increasing demand for various resources is mainly driven by the continuous population growth and need for resources consumption iving that all societies call for the services of energy to meet basic human needs such as: health, lighting, cooking, space comfort, mobility and communication and serve as generative processes (Edenhofer et al., 2011 , Owusu & Asumau-Sarkodie, 2016 . On that account, energy efficiency has become a major issue at all levels of governance.
Sustainable development is a highly multi-disciplinary field of research that has been extensively studied during last decades (Urbaniec et al., 2017) . The conceptual framework of the sustainable development is based on four pillars (Meadowcroft, 2000 , Spangenberg, 2004 , Robinson, 2004 , Lozano, 2008 , Waas et al., 2011 : economic, environmental, social and institutional. The economic pillar implies economic growth, an essential element of sustainable development (Ulrich, 2012) , as an engine for long-term welfare creation to satisfy essential needs (e.g. jobs, income, food) (Waas et al., 2011) . In fact, the economic pillar assumes the environmentally sustainable economic growth ( "green growth") in terms of green economy (Ekins, 2011) .
The concept of green economy has become a new trend in sustainability discourses, particularly in light of the Rio+20 Conference (Holger et al., 2012 ), but will not ensure sustainable economic development as long as global ecosystem degradation and loss are the proofs that the world continues to face ecological scarcity (Barbier, 2011) . Green economy refers to "improved human well-being and social equity, while significantly reducing environmental risks and ecological scarcities" (Victor & Jackson, 2012) . It has both positive "a sensible option, but not a miracle" (Paul, 2013) , a new economic miracle (Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety, 2012; Paul, 2013) and negative "green utopia", (Salleh, 2012 , Ulrich, 2012 significance.
The United Nations Environmental Programme (UNEP) defines the green economy as providing "improved human well-being and social equity, while significantly reducing environmental risk and ecological scarcities". Basically, a green economy is low-carbon, resource efficient and socially inclusive (UNEP, 2012) . For the European Environment Agency (EEA), the green economy " generates increasing prosperity while maintaining the natural systems that sustain us" (EEA, 2010) .
The European official documents and reports on sustainable development and low carbon economy (COM (2011) 112 final, COM (2011) 885/2) consider that renewable energies represent a significant sector of the green economy, alongside with the environment technologies, sustainable mobility, recycling, sustainable agriculture, forestry, fishery, environmental services etc. (Figure 1 ).
Figure 1:
The European Union's conceptual framework regarding sustainable development -a holistic approach (Source: authors' design)
The EU's growth strategy -Europe 2020 -, with three mutually reinforcing priorities (a smart, sustainable and inclusive economy) and five ambitious field of action (employment, innovation, education, social inclusion and climate/energy) represents the EU's answer to the new challenges of the changing world. In line with that, the Europe 2020 strategy targets on climate change and energy, also known as the "20-20-20 targets", are aimed at enhancing air quality through reducing greenhouse gases emissions (GHG) and energy efficiency 1 through: 20% reductions in EU greenhouse gas emissions from 1990 levels; raising the share of EU energy consumption produced from renewable resources to 20%; an improvement with 20% in the EU's energy efficiency.
The economic, demographic, climate and technology changes have set in motion an ongoing transformation of the global (IRENA, 2018) and European (European Commission, 2015 a and 2015 b) energy systems. This means a shift from a system dominated by a few centralized utilities to a diverse, distributed system, where consumers are also producers, with far more control over how and when they use energy (IRENA, 2017) . In fact, it is a different way of approaching energy. Rethinking energy highlights the importance of a holistic approach of benefits of renewable energy, meaning links with areas previously considered unrelated (e.g. healthcare, rural development), which not only takes into account the interests of short-term growth, but also provides the opportunity of sustainable prosperity for all (Adnan, 2014) , including the aspects related to the fact taht the renewable energy is not always sustainable (Hernandez et al., 2014; Hernandez et al., 2015; Davidsson, 2016) .
The aim of this paper is to approach the solar energy industry from a holistic perspective, namely showing that this type of renewable source of energy represents a part well integrated into the entire national energy system. Thus, the solar energy is analyzed in terms of key driving forces, different statistical variables describing the characteristics of Romanian energy industry (e.g. electric energy production by type of energy plant, installed capacity by electric generating sets) approached form a multi-level territorial perspectives (national, regional/county and local).
DATA SOURCES AND METHODOLOGICAL ASPECTS
The current study used several data bases at different spatial scales: for the national analysis,the TEMPO-Online database, published by the National Institute of Statistics, has been valorised, namely the Statistical research on energy balance and structure of energy equipment, Statistical research on electric and thermal power generation and Statistical research on the production of electricity and thermal nuclear power plants; the regional and county level analyses relied on the statistical data provided by National Regulatory Authority for Energy, specifically the Transelectrica's data base highlighting the territorial differences in the use of different renewable energy sources (e.g. biomass, wind, photovoltaic).
The case-study on solar energy, valorised by means of solar parks implanted in rural local administrative units, involved diverse source of official data and documents (e.g. Giurgiu County Statistics Office, Giurgiu County Environment Protection Agency, mayoralties, National Regulatory Authority for Energy) and also the results of the field investigation and interviews applied to the local authorities of Stăneşti, Malu and Izvoarele (Giurgiu County), where six photovoltaic parks had been implanted.
The aim of this study is achieved by using both qualitative and quantitative research investigation methods (e.g. field surveys, official public statistical documents analysis and interviews).
The natural factors, such as the sunshine duration and the solar energy potential, may favour or restrict certain renewable sources of energy. Also, the geographical distribution of solar energy potential shows that Romania lies within an area with good solar potential consisting in a global horizontal irradiation between 1,000 kWh/m 2 and 1,400 kWh/m 2 . The most important solar regions in Romania are the Black Sea Coast, Dobrogea and the South of the Romanian Plain, with an average annual sum of 1 400 kWh/m 2 (Paulescu et al. 2013) . The natural, economic and legislative factors influencing the renewable energy industry are synthetically presented in Figure  2 . The authors outlined the timeperiods of relatively stable characteristics, considering the main legislative and political moments at international level (i.e. UE accession, economic and financial crisis) as outstanding in determining the key driving forces of the Romanian solar energy industry with effects on the other three territorial levels (national, regional and local).
The EU commitments represent the main and most important background for the solar energy industry in Romania. Thus, the Europe 2020 strategy specifies the percentage targets of electricity production from renewable sources per total energy production: 35% in 2015 and 38% in 2020 (COM (2010) 2020 final).
Romania has also assumed that in 2020, 24% of the total energy consumption (electricity, heating, all fuel types) would come from renewable sources. Pursuing this target, the national legislation was designed to encourage the renewable energy industry, solar energy included (The Romanian Energy Strategy for the period 2007-2020, updated for the period 2011 -2020, 2007) .
The national legislation represents one of the key-factors for developing the renewable energy sector. The Romanian and foreign investors (e.g. CEZ Romania, Enel Green Power Romania, TEMAD ENERGIE, Tinmar IND, SUN Farming) need and claim the legislative predictability, which the Romanian law did not provide. The legislation on renewable energy production (Law No. 220/2008 establishing the system that promotes energy from renewable sources) was modified four times: in 2010, 2011 and twice in 2013. Despite continuous legislative changes, the Romanian renewable energy sector had attracted investments of 3 billion Euro until 2013 (Ernst & Young Global Ltd., 2014) due to a support scheme for investors. Beginning with 2014, the legislation intends to reduce the number of green certificates accredited to energy producers, investors not being eligible to the support scheme if the solar park is located on cultivable agricultural land (Emergency Government Ordinance No. 79/2013 , Monitorul Oficial, I, No. 390/June 2013 .
The economic and financial crisis (2008 -2014) has made the European legislative provisions targeting the renewable energy sector difficult to implement, especially since financial support schemes have been substantially reduced, subject to strict budgetary control.
China seized the opportunity to develop the solar panels manufacturing, dominating gradually the EU market and crowding out the EU manufactures. The solar panel dispute is by far the biggest trade controversy between the EU and China (Chen, 2016) , the EU launching the anti-dumping and anti-subsidy investigation on solar panels imported from China on the request of EU manufactures, the largest ever opened by the EU (Bendini, 2014) .
The local level -"the place where everything happens" (Ianoş, Popescu, 1997, pp. 41)reveals the ways in which the setting up of a solar park impacted the territory, in fact shows the main socio-economic effects (e.g. new investments, loss of farmland, growth of local budgets).
RESULTS

Solar energy industryas a part of national and regional energy industry
The valorization of renewable energy sources connected to the national power system requires a joint operation with classical energy sources for the safe supply to the users, but also for the realization of a reliable and reliable energy system (Golovanov et al., 2015) .
At national level, the producers of energy from solar source upsurge between 2009 (when only one producer existed) and 2016, when the number raised to 576 producers. Since 2005, the number of qualified/accredited producers of energy from renewable sources had increased (3 producers in 2005 and 778 in 2016) and the national renewable energy industry had become more diversified (beginning with 2009, the biomass and solar sources are exploited by 604 accredited producers) (Table 1) . -3  2006  3  3  --6  2007  11  9  --20  2008  12  11  --23  2009  15  14  1  1  31  2010  26  18  3  1  48  2011  42  32  4  4  82  2012  56  47  7  41  151  2013  73  77  14  395  559  2014  73  81  19  456  629  2015  70  87  25  514  696  2016  71  103  28 576 778
(Source: Report of monitoring the operation of the system for the promotion of electricity produced from renewable sources in 2016, National Regulatory Authority for Energy, file:///C:/Users/admin/Downloads/Raport_piata_CV_2016.pdf. Note:-* Until October 31, 2011, the renewable energy producers were "qualified" to receive Green Certificates; -Producers who own power plants from several renewable energy resources have been considered for each of these types of renewable energy sources)
The national characteristics of the use of renewable energy resources are highlighted by the analysis on the dynamics of the installed power related to the generating sets on different categories of power plants (e.g. thermoelectric, hydroelectric, solar, wind), fuel consumption from renewable energy resources, for the production of the thermoelectric energy, as well as the production of electric power by categories of power plants.
The installed power of an electric energy generating set represents the nominal power of the primary motor shaft (e.g. hydraulic turbine, eolian motor) multiplied by the efficiency of the generator and of the mechanical transmission, if it exists 2 .
Throughout the years, diversification energy sources have become evident as highlighted by the emergence of the wind and solar sources in statistics (Figure 3 ). Simultaneously with the decrease of installed power in thermoelectric capacity (74% of total installed capacity in 1992 and 47% in 2016), the installed power in hydroelectric capacity was maintained around 27% of total. The installed power in nuclear capacity from Cernavodă doubled in 2007 (from 707 kw to 1411 kw), when Unit 2 was put into operation. The powers installed in wind and solar record some upsurge trends: 3 kw installed power in wind capacities in 2007 and 3,025 kw in 2016 (0.01% of total in 2007 and 12.8% eight years later) and 41 kw installed power in solar capacities in 2012 and 1,376 kw in 2016 (0.18% of total in 2012 and 5.8% after four years).
The production of electric energy represents the quantities of electric energy obtained on the basis of solid, liquid and gas fuels in thermoelectric, hydroelectric, nucleraelectric and other sources of energy 4 .
According to the diversification of energy sources and installed power capacities, the production of electric energy passed from a dual pattern of production in the beginning of 90' (consisting only in thermoelectric and hydroelectric types of energy plants) through a triple pattern between 1996 and 2006 (represented by thermo-, hydro-and nuclear electric types of energy plants) to a multiple pattern formed by the three types above mentioned plus wind and solar types of energy plants (Figure 4 ). The general trend recoded by the electric energy production was positive, from 54,195 million kw/hour in 1992 to 65,104 million kw/hour in 2016. Its dynamics was influenced by the fluctuating of production of electric energy in thermo-and hydro-electric plants and by the diversification of energy sources. In 1999, the production of electric energy decreased mainly because of the thermoelectric sector (a diminution of 2,085 milions kw/hour between 1998 and 1999). The increase recorded in 1996 was due to putting into operation of the Nuclear Plant from Cernavoda (a plus of 1,368 millions kw/hour in 1996). Another increase in the production of electric energy was registered in 2005, when the hydroelectric energy plants recorded a plus of 3,694 million kw/hour (that year being marked by increases in river flows caused by very high rainfalls).
The production of thermo-electric energy represents the electric energy produced on the basis of solid, liquid and gas fuels in thermo-electric plants 6 ( Figure 5 ). During the analyzed period, the structure of thermo-electric energy is dominated by the shares of solid (varying between a minimum value of 41.5% in 1998 and a maximum of 84.7% in 2015) and gaseous (recording a decreasing trend from 45% in 1992 to values around 20%-25% during 2000') fossil fuels. The shares of liquid fossil fuels of total consumed fuels registered an increasing trend during the 1990' (9.6% in 1992 and 13.5% after a decade), followed by a decreasing started with 2000' (form 9% in 2002 to 0.3% in 2016). The dynamics of the renewable resources as consumed fuels was positive, their share of total consumed fuels increasing to 3% in 2016, while in the beginning of 90' this type on fuels not being recorded by the statistics.
The total power structured by regional issuers level and types of renewable energy sources shows some aspects: Delgaz Grid, E-Distribution Banat, Translectrica and E-Distribution Dobrogea issuers register highest shares of wind power of total power; Distribution Energie Oltenia, E-Distribution Muntenia, Electricity Distribution Companies "Transilvania Nord" and "Transilvania Sud" detain almost 70% of total power valorizing the solar energy; the Distribution Energie Oltenia, E-Distribution Banat, Electricity Distribution Companies "Muntenia Nord", "Transilvania Nord" and "Transilvania Sud" cumulated 95% of total power installed in small hydropower plants (Figure 6, 7) . In this study, the use of different types of renewable energy sources (e.g. biomass, wind, photovoltaic) at county levels is analysed based on the territorial differences of total power installed (Figure 8 ). The territorial distribution of the renewable sources of energy follows the natural potential of each type. Thus, the solar source is valorized in the southern, central and western counties and the wind power is used especially in counties located in the south-eastern and eastern parts of Romania but also in west and south-west (Caraş-Severin and Gorj). The hydro source is valorized in those counties that have larger or smaller areas located in the Carpathian Mountain such as Maramureş, Bistriţa-Năsăud, Hundeoara, Vâlcea, Gorj, Argeş, Buzău etc.
Solar park, as a part of the south Lower Danube Plain local territorial system
The two macro-structures of the territorial system as a functional ensemble of the complex and dynamic territorial reality -the natural system and the socio-economic system -are interdependent, their dynamics being determined mutually (Ianoş, 2000) . In south Lower Danube Plain, the human factor has an increasingly strong impact on the components of the natural environment. The southern part of the Lower Danube Plain receives an annual average sunshine duration of over 2 100-2 200 hours (Oprea 2008) .
At local level (Izvoarele, Stăneşti and Malu Communes, Giurgiu County), the setting up of solar park has a series of environmental and socio-economic effects, as indicated by the information provided by a field research. Having as a background for the development of solar energy industry, at county level, the Giurgiu County Council elaborated two important strategic documents for the development of the solar energy industry. The 2008-2013 development strategy for this County sets environmental protection and sustainable development as priority targets, attainable, among others, by putting to account renewable and re-usable natural resources (Giurgiu County Council, 2014) . The Action Plan for Giurgiu Municipium Sustainable Energy (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) reads that the integrated planning of energy resources is an efficient tool and a major prerequisite for sustainable development (Giurgiu City Hall, 2013) . During 2008-2010, Giurgiu City-Hall, alongside other four municipalities from Italy, Spain and Germany, shared a partnership in Promoting Solar Thermal Ordinances Project-ProSTO, aimed, in principal, to stimulate the use of solar thermal systems by implementing some ordinances 9 on solar energy resources and supporting the local authorities in planning, developing, introducing and managing them efficiently. The results of implementing this project have become visible since 2010, when numerous buildings in Giurgiu City have benefited from water-heating solar panels mounted on the roof of individual and collective (apartment-bloc) dwellings (380), schools (106), City-Hall buildings (20), the sports-hall (6); photovoltaic panels at the stadium (6) and solar panels at the Theological Seminar (40) (Promoting Solar Thermal Ordinances Project -ProSTO, 2008 , Giurgiu City Hall, 2013 .
In Giurgiu County, the main investors in the solar energy industry are: SC Tinmar Industry (with 30 million Euros in Bucşani Photovoltaic Park (Uieşti Village), over 42 ha arable land with 78,000 solar panels, installed power 18.5 MW; SC Lightway Solar (about 76 million Euros in Prundu Solar Park (50 MW) had acquired Sun Garden Park Colibaşi (60 ha in 2013); SC Enel Green Power (part of Enel Group) invested in Colibaşi Solar Park (installed power 6.5 MW) (Giurgiu County Agency for Environment Protection). In the Giurgiu Free Zone area, the Altius Photovoltaic Company (Bomax Group) began producing solar panels in 2012, following an investment of 8 million Euros, being the only manufacturer of solar panels in Romania. The Company doubled its production capacity to 220,000 -230,000 panels /year, following an investment of 4 million Euros (in 2014) (Altius Photovoltaic Company).
In Giurgiu County, 25 photovoltaic producers operate in 19 communes and in Giurgiu town. 37 photovoltaic parks are registered in the county (Mocanu et al., 2015) . Most solar parks are in Bucşani, Colibaşi, Bulbucata and Izvoarele (Figure 9 ). In the present study, the environmental effects are approached in terms of land use changes, in fact the loss of farm land associated with the construction of solar projects and their related activities (e.g. access roads, electrical installations, special buildings). This loss is revealed by the percentage of farm land covered with photovoltaic parks per total agricultural surface in certain rural communes. The Giurgiu County communes hosting photovoltaic parks cover 123,520 ha (1.6%) of the overall farming area, with highest percentages in Colibaşi (13.08%), Bulbucata (9.80%) and Bucşani (6.80%). Our case-study parks occupy small farming land in Stăneşti (0.47%) and Izvoarele (2.16%) (Mocanu et al., 2015) (Figure 10 ). The legal status of land occupied by solar parks has a major influence on the dynamics of the solar industry and land use changes. Until 2013, the legal provisions allowed the location of solar parks on agricultural lands under specific payments. After 2014, the legislation considers solar investments ineligible for green certificates if they occupy agricultural land (Government Emergency Ordinance no. 79/2013).
Other local investments & their effects on the local budgets. Field investigations in Izvoarele, Stăneşti and Malu rural local administrative units have shown the positive impact of initial investment in solar parks on the local budgets. Interviewing the local authorities we found that taxes were levied on land concession for the implementation of photovoltaic parks, on land sold to investors for implanting solar projects, on building licenses, tax on land, tax on special buildings (1.5% of their value, Government Ordinance No 139/2004), and a special tax on the installed operation power of each solar project. This surplus to local budgets is used to finance several investment projects such as: updating some communal roads, equipping and modernising the school (Izvoarele Mayoralty) and finalising the network of water supply to households in Radu Vodă Village (Izvoarele Mayoralty). According to some case-studies reported in the literature (Pálné, 2008 , Faludi, 1995 quoted by Pelin et al., 2014 , Şerban & Baroiu, 2011 , our field investigation highlighted the positive role of local administrations, especially of local leaders (mayor and councillors) in community development at Izvoarele. Thus, the locals did benefit from complex social facilities with positive economic impact (completion of the water supply network to Valea Bujorului and Chiriacu villages, the inception of some works for a sewerage system and gas supply system). For 2015, 52 km of communal roads are scheduled to be asphalted (Izvoarele Mayoralty). At Stăneşti, access roads to solar parks and other communal roads have been modernised (Stăneşti Mayoralty). The solar park at Malu covers the energy consumption of the Mayoralty, the school, the House of Culture and public lighting (Malu Mayoralty). At the same time, alongside Giurgiu County Council, the Eco Tradyng Energy Company (the solar project investor), sponsored the construction of a recreation area for the inhabitants of Malu Commune.
The revenues obtained from solar park implantation can be used to support a number of economic and social initiatives in the rural area, the so-called "downstream business opportunities" (Barbour & Rogatschnig, 2012 , Sutch et al., 2013 . Unfortunately, in our three case-studies, few economic activities have derived from the photovoltaic investment, especially in regard of job creation and support. Several basic services for employees (e.g. accommodation, meals) were provided by the local workers themselves or come from other sources (for outsiders).
Creation of new jobs. Field investigations revealed that most new jobs had a temporary character, the majority of lower and medium skill jobs being occupied by local-community members. Permanent jobs are scheduled for the maintenance of park grounds, of solar panels and the entire specific infrastructure, as well as guards for the solar park as a whole. The impact of labour employment at local level is insignificant, except perhaps when the site is being arranged for mounting the solar panels and the infrastructure is developed, and then usually unskilled labour is needed (e.g. guards).
The solar electric footprint/capita is defined as the land area required to supply all end-use electricity from solar photovoltaics, related with inhabitants Margolis, 2007, a and 2007b) . According to this definition, the average value for rural area of Giurgiu County is 280.51 sqm/inh., above average being positioned 8 solar parks (e.g. Slobozia, Izvoarele, Colibasi, Bulbucata, Bucsani) and below average are 12 solar parks (e.g. Calugareni, Singureni, Ulmi etc.). An average household demand is of 16 to 20 sq. m. solar panels (Fthenakis et al., 2008) , the difference to the Giurgiu rural are (where the county average is 800 sq. m./household) being quite significant (in the value range of min. 22 to a max 3,785 sq. m./household); only two solar parks fit into the standard needs (Călugăreni and Singureni) (Mocanu et al., 2015) . It is obvious that the majority of solar parks in Giurgiu County, the three case studies included, are too extended, versus the local consumption potential (Figure 11 ). The correlation between rank (after per-capita solar electric footprint) and size (of the solar park surface) shows that 8 solar parks (e.g. Colibasi, Izvoarele, Slobozia, Stanesti, Calugareni) registered a good correlation rank/size, being positioned on the correlation line (R 2 = 0.9029). A number of 5 solar parks (e.g. Ghimpaţi, Ulmi, Frătesti, Bucşani and Băneasa) are above the correlation line (they having an area far too extended, compared with the local populations (consumers) and 6 solar parks are positioned below the correlation line, the farthest being Bulbucata solar park (Figure 12 ).
CONCLUSIONS
Solar energy industry, as a part of Romanian renewable energy industry, is influenced by natural, legislative and economic factors at all territorial levels. At national and regional levels the current study reveals the followings: the upsurge of the number of producers of energy from solar source (between 2009 and 2016); the diversification of renewable energy sources, through the emergence of the wind and solar sources; the diversification of the production of electric energy (which passed from a dual pattern of production through a triple one and, finally to a multiple pattern, including thermo-, hydro-, nuclear-electric plants, solar and wind power plants). However, this study shows that at national and regional levels the solar energy represents an important part of national renewable energy system, the consequences of factors influencing the use of solar renewable source and the development of solar energy are better emerged and analysed at local level.
The positive and negative consequences of setting up a solar park are emerged from the locallevel approach. The positive effects on the local economy, including the surplus to local budget, seem to related to the choice of the local authorities in collecting the taxes and the conversion of greenfield (i.e. farm land) into "brightfield" projects (Kunc et al., 2011 (Kunc et al., , 2014 ) (i.e. solar park) which does not represent a sustainable way to use the renewable sources of energy. Above all, the impact of labour employment at local level is insignificant. The big solar projects located in southern and central part of Romania, not being functionally integrated into the local communities, have little positive impact on the rural development and the leaders of local communities are not aware of the negative implications or of the contentious issues related to the implantation of a solar park on a farm land.
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